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&B6TRAcT

To examino the aequcnce diversity of human immunodeficiency virus

type 1 (HIV-1) between known transmission sats, sequances from the

V3 and v4-v5 region of the env gene from 4 mothor-infant pairs were

analyzed. ‘ha mean interpatientsequence variation between isolates

from linked mother-infant yairs was comparable to the sequenca

diversity found between isolates from other close contacts. The

mean intrapatient variation was significantly less in the infants’

isolates then the Isolates from both their mothers and othar

characterized intrapationt sequenoe Bets. In addition, a distinct

and characteristic difference in the glycosylation pattern

pracading the V3 loop was found betwoon each linked tra~mmission

pair. These findings indicate that selection of specifia genotyplc

variants, which may play a role in son. direct transmission Bats,

and tho duration of infection ara important factors in the degree

of diversity s~an betwaen the sqwnce sots.
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IUTRODUCTXON

!rhecomplex distribution of human hmmdoficiemcy virus type 1

(HIV-1) genotypic variants, @r quasispecics, within infected

individuals has been charactorlzad extanmively (l). The wida range

of diversity reflects variation h both geographic distribution and

timo of sampling for both linked and unlink-d patients,

rospactively.

To characterize sequence divermitywlthln a well defined context of

transmission, we studied the quasispecies populations found in

❑other-infant transmission paira for the V3 and V4-V5 region8.

Thosn data were comparad with similar squance data from isolatas

from both tho Edinburgh hemophilla cohort and an inf●oted Long

Island family (2-5) . Our results indicate that the range of

diversity between isolates from all those apidemiologiaally linked

eaquonca sets may be a funation of the mod. of transmission, tho

time 01 sampling following infeotion, and selection for change

within the host.

KITERIW ND MHTBODS

Data for this study was obtained from four matarnal-infant

tranmmlmion pairs and tha squonoa sets summarized in tie Human

Retrovilwsee and AIDS clatabase,1991. To characterize the distinct

ganotypic variants from the mothar-infant trans’missionpairs, DNA

a



●tracted directly from peripheral blood mononuclear Galls (PBMC8)

of four mothors and their infants vam amplif~ed by WI? using no-ted

primox pair sets. The primer sate flanked both the V3 region

containing the hnwrmdominant loop, and the v4-V5 regions which

enco~passas a defined part of tho conserved CD4-binding domain.

Three of the mother-infant pairs ware from the United States; two

of the three mothers ara of Haitian descent currently residing in

Florida. The fourth mother-infant pair warn from Rwanda: only V3

sequences ware available from this pair. Product DNA from 5 to 27

individual samples darived from transformed bacterial colonice was

squanoed from ●ach patient in both directions. Squ-nuee wero

analyzed using the MASE program for alignment and obtaining

similarity scores (6). Similarity analyses were done discounting

positions in whioh gape wsre inserted to maintain tha alignment.

Thn proportion of synonymous to nonsynonymous substitutions was

calculated by the method of M. Nei and T. Gojobori (7).

REouxm8

Uquomo Variation. Intrapatimt analyaia showed ●xtaneive

diversity within the mothar~s liZV-1 sequences. The mothars’

imolatas wero characterized by nu.wrous amino acid dalet,iona,

insertions, and substitutions, ●specially in tha V4-V5 ragions. Tho

infant-i i~olates w.ra more highly aon6erved. Similarity analyelm

show-d that the motherm’ viral squencos varlad by up to 15* In t.ho

V4-V5 region, while the infants’ sequences varied at most by only
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4%. For the V3 region, the mothors~ sequences showad a similar

range ef variability as tha V4-V5, with swquenaes that varied by up

to 15%, but the distribution was difforant. In the i,~fa.ntV3

sequences, a faw aeguences variad by up tc 15%, but the majority of

the sequances varied by less than 4%. while the median distance

botveen intrapatient V3 sequenaes for all four of the mothartir

sequence sets was 5*, the infants’ squence sets vera more

ccmsamed with a madian distance of 2.5% between ●quenees.

Interpatient sequence analysis of the three mother-infant pairs

from Haiti and the U.S. (mother-infantpair 4, from Rwanda was not

included in this analysis) show-d a wide range of dlvorsity betwson

unlinlcedmothers and infmnts, while intupati.nt var!ation botwoan

relatad mothers and their infants was markedly less. The median

interpatiet~tsequenco variatien botwsen mothers and their infants

was 6.2% (range: 0% to 28%) for tho V3 region, and 4.4% (range:

0.3% to 15*) in the V4- V5 regions, The amdian V3 variation botwaen

unlinked mothers was 15.4% (range; 9% to 25%) and the median V4-V5

variation was 12% [rang.: 7.9% tu 17.2%).

Symonymolm to Nonsgmon~oum mbatitlltioas. Within the mother-

lnfant dat~ net, nonsynonymous substitutions predominated ovor

synonymous aubatitutione In the mother’s V3 and V4-V5 domains, with

ratios varying amcng lndividuale. Within the W region from the

infants isolates, tho ratios approximated 1, while the V4-V5 region

the infant’s ratios approximated 2. Tha lower ratic~ for tho
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infant’s V3 ragion compared to the V4-v5 region is consistent with

the possibility that the V3 ragion is under greatgr presmire for

change and is evolving at a more rapid rata. This disproportionate

rat~ of evolution is also indicated by tho presence of mare

divergent sequences in the V3 than the V4-V5 regions in the

infants’ seqienca sets. In tho V3 region, tho avarage proportion of

synonymous to nonsynonmous substitutions in paimisa comparisons

of all intrapatient sequenses, <Pa/Pn>,was 0.61, 1.90, 0.90, and

1.2 for the 4 mothers’ sequences and 1.3, 0,2, 1.1, CU?d0.88 for

their infant’s sequences. In the v4-V5 domains, s-ynonymous

substltutiona were generally less commcn than nonsynonymous

substitutions in tho three moth-ra’ sequence sots with <p/Pn>

ratios of 0.70, 1,10, and 0.03. In the corresponding regions of the

infants$ sequences, synonymous mbstitutions proclominatedwith

<P,/P~>ratios of 2.0, 1.7, and 2.2 (only V3 sequencem are available

for m~ther-infant pair 4).

M-lhkod glyuosylstion ●itooo A QMW?IY Gf tho ??-lh.kd

glycosylation sites in the region of the V3 loop from the mothar-

infant transmission sate and aelectod 140rthAmerican, European, and

African squenco isolatas, showed several interesting features.An

N-linkad glycosylation site proximal to the first conservmd

cystelne of tha V3 loop present in math of the four mothorts

soquance sets, was oompletaly absrnt from all saquences in tha four

infants’ seyuenco sets. In tho case of metharl (moml), this alto

vas prasent in only a mall number of sequencas (2/9), henco it

5
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dam net appear in tho consensus shown in Fig. 1. This

glycesylation site was present in the majority of the mothars~

sequences, comprising 18/19, 19/22, and 17/23 of the sequences for

mothers 2, 31 and 4, respectively. This site is also highly

conserved within the other isolates in the database (present in

27/29) exaept in the African sequenoes ELI and 2321, which similar

to the Infantrn,lack this site (Fig. 1). The N-X-S mquon proximal

to the first oysteine of the V3 loop (at amino acid position 289 to

291 relative to LAI) in mother-infant sets 1 and 4, as well am

Afrkan isolates U455 and Z321 ara all miesing the asparagine

residue (N) of this squon. Four out of the 7 individuals lacking

thin glycosylation site hav~ an unusual glyoosylation site

appearing just upstream of the original site (moml, infantl,

infant4 and 2321).



DISCUOSIOM

Limited Sequence data ●xist which characterize tha IIIV-lgenot~.>ia

variation found between close contacts soon after transmission. To

examine tha sequence relationships batwsen epidemiologically linked

and unlinked patients, tho mother-infant data was compared to the

Edinburgh Cohort and the Long Island family sat. The various data

sets were evaluated for the extant of sequence variation, rates of

synonymous and nons~onymous substitutions, and tho N-linked

glycosylation patterns which precedo the V3 loop to examine the

diversity batwaen the related and non-related sequence sets.

Themedlan intcrpatientnucleotide sequence distance forth. linked

mother-infant transmission pairs was 6.2% for the V3 (range~ 0% to

28$) and 4.4% for the V4-V5 domains (range: 0.3% to 14.6%). The V3

●q’uences of tho Rwandan moth-r-infant pair are more divergent. Por

the Long Island family sequenco set, the mean intarpatient

nucleotidm coquence distance for the V3 and pa~ial V4-V5 region

was 8.5* between the mother and her child and 3.7* betw~en the

mother and her partner. The mean sequonoe distance between members

of the Edinburgh hemophiliac cohort rangwl between 9.4% and 14.8%

for V3 and 5.6~ and 11.1* for V4-V5.

Although the extant of the regions being comparod is generally

quftabl,e, tha trand towards increased variability with timo is

noteworthy. The mean squonce diffsrances found betwaen the linked

7
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mother-infant pairs, the momborrn of the Edinburgh hemophiliac

cohort, and metier-patiner from the Long Island family sequance set

confirms tho close relationship that exintm between temporally

related, epidamAologically linked sets. ‘rhe greater diversity

between the mother from SAng Island and her child, both of vhom

were infected for over 11 yeara before sampling, than betwean the

mother and her partner, for whom the duration of infection is not

known, suqgest that significant evolution of the genotypic variants

ocourred. The sequence sets from the Edinburgh Cohort also show

that epidemiologically linked patients can diverge significantly

over time.

me intrapatient sequence variation in the V4-VS domains for the

mothers isolates ranged up to 15* while their infants isolates

varied by no more than 4%. Similarly, th~ intrapatient sequoncas

from the V3 region were nor. consened in the infants than their

mothmrs with tho majority of the infants? isolates varying less

than 4%. The mothers? V3 and V4-V5 median sequence difference

compares with the moan intrapatient nucleotide sequence distances

of 4.2% for the V3 and 5.5$ for the v4-V5 regions as calculated by

Balfe et al. for the Edinburgh cohort (5). Since a direct

sequencing techniqua was used to characterize tho aquence

differences for the Long Island family, the range of intrapatient

sequence variation oan not be assassed.

Tho intrapatient differences between the two sequcnco stitscan ba

0
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attributed to both the mode and timing of transmission. Following

pminatal tranamisaion, a bottlonaok phenomena may occur whereby a

single genotypic variant may @scapa tha host’s su~eillance

mechanisms. Thi~ would account for the Initial narrow distribution

of variants, followed later by an expansion and evolution of the

virus in the host in response to differing solaction constraints.

Similar evolution would explain the differences found for the

hemophiliacs, although infection by transfusion could involve a

~Zeater and more diverse inoculum than vertical tran9mi8Si0n.

l!he high rate of nucleotide s.quence variation may or may not

conseme die integrity of tha sequence at the amino acid level.

Synonymous substitutions which are usually well tolerated in

regions critical for structura and function, rault in a

consenation of an amino acid, whilo nonsynonymous substitutions

result in a non-cons*rved change. A high rate of nonsynonymous

substitutions has been shown to be a correlate of posit”

Darwi~ian selmction in several systems with known biological

relevance (8). In the absence of salection, the ratio of

synonymous to nonsynon~ous substitutions would be one. Because of

stmctural and functional constraints on the evolution of proteins,

this ratio is typically greater than ona. If positivo ●olaation

for change at the amino acid level dominatss, tho ratio can fall

below one. An example of this is within ~ho HLA class I and IX

moleculoti:the specific nualeotides recoding the residums in khe

untigan re~ognition sites have a low ratio (significantlyless than

9
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1), the exon they are locat~d in has ratio around 1, and the othar

exone of the molecule have ratios of 5 to 6. The ●oloctive

advantage of the variability of the antigen recognition sites is

presumably to allow interaction with a large repertoire of

epitopes. In the case of th< V3 loop we are averaging over a whoie

region, in which some residues are highly variable and others are

very consc~ed (1). Patterns of specific variable residuas can be

observed in individuals, which may b. the result of host spacific

selection pressure on specific residues due to the B or T cell

repertoire of that individual.

The ratio of synonymous to nonsynonymous substitutions were

calculated to determino the strength of selection on existing

amino acid sequences. For the mother-infant transmission pair8,

nonsynonymous substitutions tended to predominate over synaraymous

substitutions. The total number of amino acid changes were greater

in the mothers’ viral soquances than in their infants’ sequences.

Within the Edinburgh cohort the frequency of nonsynonymous to

synon~ous subst~tutions for the V4-V5 and V3 regions were

comparable te the ratios for the mothers.

synonymous substitutions predominated,

The low ratios, even when

indicate that the gp120

hypenariable domains ara under enormous selection pressure for

change. This type of an~lysis ~G limited, hawevar, whan comparing

small sets of relative short squenoes, since the statistical

slgnificailceis low

the refarance sets

whtn considering a small number of changes. As

and numbar of observed changes increase, the

10
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statistical significance increases and allows a more accurate

●stimation ot evolutionary relationships.

Co-translational and postransblationalcarbohydrate additions to N-

linked glycosylation sites (N-X-T or N-X-S sequons) can contribute

to the formation of confirmational ●pitopes and obscure peptide

epitopes. Both of theso changes may facilitate the viznuns ability

to evade the host’s humoral and cell-mediated I&mu.neresponsafi (9-

13). The striking absence of an N-linked glycosylation site (amino

acid site 295) in all four of tha infants may provide ●videnue for

the evolution and selaction of a particularly strain for

transmission. Alterations in tha glycosylation pattern preaedhg

~he V3 loop (at position 295 relative to LAI] for the partner in

the Long Island family also suggest that changes in this region are

impotiant for somo routes of transmission.

In summary, thssa results futihor demonstrate tho ●xtreme

complexity and heterogeneity of HIV-1 which exists within and

batween infected patients. nrthormora, the degree ofdiveraity may

ralate to the route of transmission, thQ langth of time for vhloh

the patient wa~ infected,and selection pressur~s withirithe host.
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?ig.1. Amino acid saquence alignments from tha V3 loop ragion from

mother-infant pairs and North American, European, and African

soquoncos currently in the AIDS and Human R@troviruses Database.

The SO%consensus 8equanc8 for ●ach mother and infant (mom-tot) and

the consensus sequences of characteristic North American, European,

and African sequences (ELI, 2226, NDK, JY1, MAL, U455, 2321) has

been alignsd with the North American/European/African consenoua

saqucnca. Amino acids which match the consensus at tho top of the

alignments aro indicated by a ‘-w. Deletions are indicatad by a

N,w, Above the consensus ara a group of symbols. The M***U

indicato the moat highly nonsezved N-1inked glycosylation sitas,

and tho “**W indicates the highly canse~ed cystaine involved in

the fJr3iatiOn of the V3 loop. This is a fragment of the region

●qumcod.



● *e 9

● b* *** ***

cotmawa IVQLNtSVCINCTN?HMSI
me-1.CONS~6US ----QTP-N+------------
tocl.CONU=SU8 ‘--_QTP-BJ-T------------
-.CONSDISU9 ---?-T-----------------
toc2.coNsmsus-----T--D-T------------
mm3.CONSCNSUS ------T-V --------------
toc3.CONSmJSUS ‘-----T---D-X ----------
wm4.CONSENSU: ----TKP-K---------:---V
tot4.CONSSSNSUS ----AKP-N-T-I ----------
HIVIAI Q----- --------- --------

tlIVKXB2R ----- T ------ ------ --- R-
HIVNL43 T----. --------..-------
HW?l?A -----T-----------------
H- H-- -----9-------X-K--R-
HIVBRVA ---------------- ----- R-
HIVSC ----K-A------------TR--
tlIVJH~ ----IC-P-V------SKT--RR-
HIVALA1 ----------------:YRJCGR-
HIVBUL -....---” -------- ------- -

HIVJRCSF ------ ..K------s-------

HIVJRFL ----K-------- -------- --

HXVOYI -----K --------------NR-
HXV8F2 ---- - ,--- A - --- ---- ---- . .

HIVNY5CG - - - - - - . . e- --- - - - -- . - - G-
HIVSr162 ---- K- . - - - - - ------ --- - -

HIVCX4 ..---V--------------RVt!
HXVSF32 L----V------------R-RR-
HIVHAN n-- . . - . --- -- - - - - ------ G-
H Xvm ---- K . . - -- ----- - -- - --- .

HIWMY2 --H------------Y--V-R-L
H WRr -----A- -Q--------------
HXVCIJI -An-----K-T-h--YQ---QRT
HIVZ2Z6 -------- A‘-----YR-I-QRT
HIVNDK -----A-rv ------YKY--(JRT
HIVJY1 --H---- --------D-KXTRQ9
HIWL -----””T-T------a----RQ-
HIVU4S5 ----VNP-K---Y--Y. ----N-
HIVZ321 ----VW-N-T+----------


